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INTRODUCTION

In the improvement cf existing flares and in the develop-
ment of new flare concepts, it is necessary to measure candle-
power and near infrared radiation. This report describes the
details of calibration, operation, and construction of a
photometric measurement system, and a 0.73-0.97 um near infrared
radiometric measurement system, both constructed at WAVWPHSUPPCEM
Crane. The block diagram (Figure 1) is the same for both
systems, The report describes each system separately. The
description of each system is divided into two sections: (a)
calibration and operation; and (&) construction details.

PHOTOMETER SYSTEM
Calibration and Operation

The photometer, details of which are described in the
Construction Details section of this section, is calibrated
against NBS Standard Lamp ilo. 9789, 1000 watt tungsten fila-
ment lamp' rated at 1070 candlepower. An optical bench is
used and the lamp is properly shielded. We use the relationship

1070 _
—E;— = E (1)

e T ADE DOV S it I U d TR o Wy o B R oy e

where £ is the calculated illuminance in footcandles, and D is
the distance in feet between the photometer and the standard

lamp. For each distance, the irradiance E is calculated using
equation (1) and plotted against the observed voltage at that :
distance. See Figure 2. The luminous intensity (candlepower),
in candles, is calculated for a flare according to :

I{cd) = E.D? (2)

where £ is the illuminance in foot candles, as determined from
the observed voltage by using the calibration curve, and D is
the distance in feet between the photometer and the flare. If
the approximate candlepower of a flare is known beforehand,
the pnotometer-to-flare distance is adjusted to keep the
output in the linear region of operation.

TPy oy

'General Electric Co., Cleveland, Ohio.
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The output is recorded on a Moseley® strip chart recorder,
and can be integrated as well.

Construction Details

The photcmeter system and the radiometer systems were
built on printed circuit boards for easy component replacement
and troubleshooting. The systems use all solid state civcuitry
and precision components.

The photometer system uses a Weston 856 photocell® corrected
for eye response. An opal glass filter was inserted over the
face of the photocell for uniform distribution of light. The
field of view is £12.5°

The photometer detector/opal glass combination is mounted
in a separate housing from the amplifier and the output signal
is fed to an amplifier circuit through a coaxial cable. The
input amplifier for the detector is also mounted on a printed
circuit board in a precision current to veltage amplifying
mode. The amplifier is a Burr Brown*® 3341/15C inverting field
effect transistorized line driving operational amplifier.

This amplifier has an extremely wide bandwidth with fast
slewing and settling characteristics, along with high gain
accuracy and linearity. This amplifier is designed to with-
stand input voltages as high as the supply voltage without
damage. The output stage is internally current limited to
withstand short-circuit to ground conditions.

The feedback resistor is a precision 10 turn variahle
resistor to give a linear 0 to 5 volts output. The output of
this amplifier is then coupled to a BNC connector for input to
the recorder or integrator.

Figure 3b and 3c show the etectronic schematics.

The Model P2.15.300 power supply® features dual +15VDC
output with up to 0.01% regulation, automatic short circuit
protection, and is encapsulated with hermetically sealed
components and tantalum capacitors for full rated operation
through +85°C.

®Hewlett-Packara, Inc., Palo Alto, California.

SWeston, Inc., llewark, ilew Jersey.

‘Burr-Brown Research Corporation, Tucson, Arizona.
8Semiconductor Circuits Inc., Haverhill, Massachusetts.
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The power supply is identical in the photometric and near
infrared system, See Figure 4 for a schematic.

MEAR INFRARED (0.72-0.97 um) SYSTEM
Calibration and Cperation

The total relative sysiem response (filter and detector)
is shown in Figure 5. The wavelengths 0.73 and 0.97 um were
chosen since they are the points at which the relative respnnse
has vallen off to 0.5

The equations regarding the calibration and operation of
the radiometer are as follows:

where
v
c
A
R
N(px)

s(x)

<))
1,4(RA)

V’OA-dth)sﬂﬁth)r(RU& (3)

is the volts observed on the meter or chart recorder
is a constant, in V/W-cm ®

is the area in cn® of the blackbody source aperture
is the source-to-detector distance, in cm

is the known radiance of a blackbody, in
dea®esrtoum?

is the (dimensionless) relative spectral response of
the detector

is the (dimensionless) transmittance of the filter

ts the (dimensfonless) transmittance due to
atmospheric constituents.

In the spectral region 0.73-0.97 um, T2t 1. Therefore,

L

write

Va c-A-R"“fN(A Yes(a)er (2 ) (4)

Since H(xA)A = J(2), the radiant intensity in Wesr'', we can

Vs coR"'[J(A Yes(a)ez (2 )d. (5)
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Calibration in this spectral region consists of placing the
radiometer on an optical rail at a series of distances from a
properly shielded and powered .I35-traceable lamp, nf Known
spectral radiant intensity J{1}, and recording the voltages
obtained. Plotting V against R™° will allow c to be calculated
in V/W.ecm™, Figure 6 shows the results of a calibration,
performed with a 1000 watt tungsten-halogen lamp (EG&G

standard iamp serial number AI632, and their calibration test
number 107019).°

In order to determina the Wesr™! from 2 flare, {5) is
used, except that J{)) is now the unknown instead of c. If we
assume that J{1} doesn't vary much in the 0.73-0.97 um
interval, then it can be taken out of the integral.

Yy = c-R“a-J'J/;(x)~T(A)dA (6)
where
g . ANS (7)
Then
J! o= v , Wesr™taum™ | (8}
R Feh)er{a)dx
Finally
= ¢ = ¢ 3 . =1
Ja‘na Jlax = 3'{C.234), W.sr {8)

, Construction Details

The radiometer system uses a PIN-10D silicon photodiode’
responding from about 0.35 to 1.1 um. A Corning i-64 and 2-58
filter combination® was selected tc limit system response to
the near infrared. The field of view i5 +12.5°.

°EGG, Electro-Optics Division, Salem, Massachusetts.
"United Detector Techmolagy, Inc., Santa Monica, California.
®Corning Glass Works, Corning, Hew York.
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The output signal is fed to the amplifier circuit through
a coaxial cable.

The input amplifier for the detector is mounted on a
., ~intad ¢ rcuit board, in a precision current to voltage
aaplifying mode. The amplifier is an Intech A157 F.E.T. input
operational amplifier.® This ampl..ier has wideband, fast
response charactaristics and provides stable operation with
ca, icitivz loads up to 1060 pfd. The feedback resistor is &
handpicked precision 10 Ku rosistor to give a linear voliage
output from -10VDL. The output of the amplifier is then
cwupled to a BNC connector for input to inc recorder or
iniegrator,

See Figure 3a for 2 schematic.

The pov:ar supply has been described in Construction
Detatls in the Photnmeter System section.

—————

?Intech Inc.,Santa Clara, California.

. B 3
B EEN oy
R I 3 T ST
- - BN e s e
L SRR e Y ce -l -
DR 0 S A S S s

- o <
PR ¥ oW

LA I

PR AR ok ARy SN

LR

R A

P SR TR TNY S L LAL R L SR TS T PR U Y ) R

Ny GNP

s I Sl




B A s e

(T ES RN IARAYI S S50 AoV S P inortes Aty g 1

1 RES

!
)

Designation
PS-1

F-1
LS-1
5-1

Fuse Hoider
BT-1
Dt-2, DT-3

Filter 1-64
Filter 2-58
Opal Glass

B.N.C. Conmector
c-1
£-2, C-2

R-1
R-2
R-3, R-4

A-2, A-3

PARTS LIST
Catalog
Nuber Source
P2.15.300 Semiconductor Circuits, Inc.,

AGC 1/2
3612311
52225

HIM-H
856
PIN-10D

1-64
2-58
2149

UG2544/U
CO7FDI51J
CD6CDI00K

RN55D1002F
3359P1K
224P25K
A-157
3341/15C

S o

Haverhill, MA
Buss, fuses, St. Louis, MO
Allied Electronics, Elgin, IL

J.8.T. Instruments, Inc., New
Haven, CT

Buss Fuses, St. Louis, M0
Doystrom Inc., sewark, nJ

trited Detector Inc.,Santa
Monica, CA

Corning Glass Works, Corning, oY
Corning Glass Works, Corning, WY

£dmund Scientific Co.,
Barrington, NJ

Amphenol Ccnnector Div.,
Broadview, IL

Cornell-Dubilier Electronics Div.,
Newark, nJ

Cornell-Dubilier Electronics Div.,
Newark, NJ

Allied Electronics, Elgin, IL
sourns, Inc., Riverside, CA
Bouras, Inc., Riverside, CA
Intech Inc., Santa Clara, CA

Burr-Brown Researck Corp.,
Tucson, AL

g

FY AL SR R

A EERSA O TR 1 RIS AN A AN Y ST L1 5 b o M 0 KSRt




; v
RN v e RS c s L LT ISR ra ey, - - ARSI e aa i B i T o T

SWa3sAS Opajauwolpey v
padeajuU] JeaN pue DL4IBWOI0YJ 403 weaberq ydolg | atnbrg v

A14dns o
43IN0d o

J

—0""' — e gn - - -

rA NOILVNIENOD

583141 TdNY! \mowwwuwm

- a-llT,

INIWdIND3
TYNY31X3

cE e s mae o=

W W sttt g <
. s

D N

WWIGYIa %3074 &

R

T Rk st AR R w&%ﬁgﬁ‘%ﬁu i .




)

e sl or

| B TR IO TE PR AN At R ARDYREIAS IR RN 8 1 TV

493903044 Y3 40j BAJNR) uoLIeAqQLLR] "2 aunby 4

ﬁ sa(pue) 3004 ‘3 _

ocl 08 ov 0

00¢ 08t
v L] ¥ c

SIL0A
10

e g Y R
b2 L ad &ﬁ.,"ﬁmaﬁ&w&?xﬁ?@ﬁ?&ﬁ#@ﬁ%ﬁ@,,,W “

P - - P R




DETECTORS AMPLIFIERS

Y-
R]150PF
AN—4
IR 10K
A -m
@ 3 oUTPUT
= ,,Dﬂ : | +IN /E
TRIM R2
10pF
""7 Y
]
5 CANDLEPOWER !
' AN !
® T ,,\”-/ : ouTRUT
= ‘Aorz !
10pr
€3
I A}
SPARE . 1
CMNDLEPOWER | ! ’;gzr—o
: AN Lo
S TR S sm— .
; : = Aoz v
! : = NOTE :

1, Al- INTECH A-157

3 2, A2 & A3-- BURR--BROWN
, i 3341/15C
i I
! £

4 Figure 3. Detector Circuits for Near Infrared

3 Radiation (a), and visible Radiation

£ (b) and (c).
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